morphine perfusion (12-15); then perfusion with 10 ml/kg every 30 minutes or to the beginning of electrocardiac activity. Cardioplegic solution having 4 µmol/L morphine was prepared to St-Thomas II cold crystalloid. Group B underwent aortic cross-clamp initially with 20 ml/kg morphine perfusion; then perfusion with 10 ml/kg every 30 minutes or to the beginning of electrocardiac activity. Group C underwent the same procedure using cardioplegic solution without morphine.
The three groups were monitored before induction (T1), five minutes before (T2) and five minutes after (T3) cardiopulmonary bypass (CPB), for perioperative (T4) haemodynamic parameters such as heart rate (HR), mean arterial pressure (MAP) and central venous pressure (CVP), two hours after CPB (T5) and 24 hours after CPB (T6). The postoperative incidence of severe ventricular arrhythmia and low cardiac output, CPB transit time, aortic cross-clamp time, defibrillation time, duration of ventilation, and intensive care unit (ICU) and hospital stay were recorded. The venous blood samples (3 ml) were taken at T2, T5 and T6. Serum was harvested by centrifugation at 2000 rpm for 20 minutes and then stored -20°C in the refrigerator. Creatine kinase (CK), and the MB-isoenzyme of CK (CK-MB), lactate dehydrogenase (LDH), alpha-hydroxybutyrate dehydrogenase (α-HBDH) and cTnI were detected by a fully automated enzyme-linked immunosorbent assay (ELISA) system according to the manual after the temperature of the samples was restored to normal. Two patients each from the three groups were randomly selected. A small clip of their right atrial appendages was taken before CPB and at preoral cavity intubation. A small clip of their right atrial appendages (not ligated) was taken at the time between defibrillation and cessation of CPB and removal of intubation. These clips were embedded in paraffin and then the morphological changes of apoptosis were observed by electronic microscope.
Statistical analysis was handled by SPSS 17.0 software. All values are expressed as mean ± SD. Means were analysed and compared by analysis of variance (ANOVA).
To the significant difference, multiple comparisons were carried out by logarithmic standard deviation. Rank-sum test was applied in abnormal distribution data, while Chi-square test was applied in enumeration data. Statistical differences were considered significant if the p-value was < 0.05. This study was approved by the ethical committee of our medical college. The patients signed informed consent.
RESULTS
The patients in the three groups ranged in age from 33 to 66 years; mean age was 49.78 ± 8.53 years. Men accounted for 46.67%, women 53.33%. The mean weight was 51.78 ± 7.31 (range 36-67) kg; 51.11% were NYHA classification II and 48.89% were classification III. There was a significant difference among the patients' age, gender, weight and NYHA classification in the three groups.
The haemodynamic parameters of the patients are listed in Table 1 . The values of MAP were lower at T2, T3 and T4 than at T1, but HR and CVP were higher. However, there were no significant differences among the groups (p > 0.05). There were also no significant differences in operative data among the groups (p > 0.05) in terms of: CPB transit time, aortic cross-clamp time, defibrillation time, duration of ventilation, and ICU and hospital stay ( Table 2) . Incidence rates of ventricular arrhythmia were lower in groups A and B than in group C. However, there were no significant differences (p > 0.05) among the groups.
The data for myocardial enzyme spectrum and cTnI are summarized in Table 3 . The CK-MB values in serum were lower in group B than in group C (p < 0.05) at T6. The cTnI values were lower in serum in group A and B than those in group C (p < 0.05), and group B levels were lower than those in group A (p < 0.05). There were no significant differences among the groups in CK, LDH and α-HBDH values.
Before CPB, myocardial myofibrils were regularly arranged, and the structure of the mitochondria was clearly visible (Fig. 1A) . After CPB in group A, myocardial myofibrils were arranged disorderly; the structure was blurry, Effect of Morphine after Coronary Perfusion on Myocardial Protection HR -heart rate; MAP -mean arterial pressure; CVP -central venous pressure mitochondrial structure showed vacuoles, and cristae had dissolved and disappeared; there was chromatin condensation and early apoptosis (Fig. 1B) . After CPB in group B, myocardial myofibrils were arranged regularly, and the structure was clearly visible; mitochondrial cristae were partially dissolved (Fig. 1C) . After CPB in group C, myocardial myofibrils were disorderly, myofibrils were dissolved and the mitochondrial structure was vague and vacuolar; most of the cristae had dissolved and disappeared, and there was cell apoptosis (Fig. 1D) .
DISCUSSION
In 1996, Schultz et al (3) found that myocardial infarct size was reduced by giving rats intravenous morphine that mimics the cardioprotective effect of ischaemic preconditioning. That may have been the first report on ischaemic preconditioning involving morphine. Subsequently, Liang and Gross (4), Miki et al (5), Wong and Wu (6), Gross (7) and Jiang et al (8) have proposed that morphine has broad clinical Chen et al application prospects for cardioprotection before opioids were developed. Morphine, a non-selective opioid receptor agonist (9), mainly activates µ-opioid receptor and can also activate δ-and -κ receptors simultaneously. It is used broadly in anaesthetization, analgesia, myocardial infarction and management of acute left-sided heart failure. Several investigators (4, 5) have demonstrated that morphine preconditioning has a ceiling effect. Morphine has improved protective precon-ditioning effects at the concentration of 0.5-10 µmol/L. But at the concentration of 10 µmol/L or higher, morphine pre-conditioning effect does not improve. Yan (10) found that morphine at a concentration of 2 µmol/L had a better effect than 1 µmol/L in cardioprotection in clinical practice. Now that these studies have demonstrated that morphine has cardioprotection at low concentration, we speculated that morphine at a higher concentration has a better cardio-protective effect. This study investigated whether the different concentrations of morphine preconditioning after coronary perfusion have myocardial protection. We increased the concentration of morphine, and used selected haemodynamics, cardiac arrhythmia, myocardial enzyme, cTnI and the histological changes of cardiomyocytes as examination indicators. There are many factors that influence haemodynamics. Cardiac arrhythmia reflects the change of electrical activity of the myocardial cell. Myocardial cells are abundant in CK, CK-MB and LDH, and serum levels are elevated when myocardial cells are injured. Cardiac troponin I is a subunit of cardiac troponin and a biomarker of cardiac damage. It has high sensitivity and can even detect ultra microstructure damage, so it is one of the acknowledged indicators that detect cardiac damage (11) . Electron microscopy was used to observe the morphologic change in cardiac cells, which reflects cardiac damage at the cellular level.
The present study shows that the levels of cTnI at T5 and T6 in groups A and B were significantly lower than those in group C (p < 0.05), and at T6 in group B, were lower than those in group A (p < 0.05). This demonstrates that cardiomyocyte injuries were lower in morphine groups, and 4 µmol/L morphine had a better protective effect. The results of electron microscopy showed that myocardial damage was lower in group A and group B than in group C, and group B was better than group A, indicating that morphine 4 µmol/L cardioplegic solution played an important role in maintaining the structures of cardiomyocytes in the process of ischaemic preconditioning. The levels of CK, LDH and α-HBDH were elevated at two hours after CPB (T5) and 24 hours after CPB (T6) which indicates that cardiomyocytes were damaged. But there were no significant differences among the groups (p > 0.05). The levels of CK-MB at 24 hours after CPB (T6) in group B were significantly lower than those in group C, indicating that morphine can reduce myocardial damage in the process of ischaemic preconditioning. Compared with group C, groups A and B had lower postoperative incidence of severe ventricular arrhythmia which indicates that morphine cardioplegic solution can stabilize electrical activity of myocardial cells and inhibit the incidence of ventricular arrhythmia by ischaemic reperfusion.
In summary, 2 µmol/L or 4 µmol/L morphine after coronary perfusion has the effect of myocardial protection in patients undergoing cardiac valve replacement with cardiopulmonary bypass; 4 µmol/L morphine after coronary perfusion has more myocardial protection.
